Summary. All 4 mammary glands of the tammar wallaby showed a steady increase in weight and prolactin receptor concentration during the luteal phase of the oestrous cycle to reach a peak at oestrus. Removal of the corpus luteum abolished this mammogenesis, while pregnancy, which in this species is a day or so shorter than the oestrous cycle, had no effect. This provides an explanation for the previous finding that pregnancy is not a necessary pre-requisite for lactation in marsupials and that non\x=req-\ pregnant animals will lactate very successfully, provided the suckling stimulus is applied at the correct stage of the oestrous cycle.
Introduction
Macropodid marsupials (kangaroos and wallabies) are monovular and give birth to a single young weighing only 400-800 mg which climbs unaided into its mother's pouch. Once inside the pouch, the young becomes firmly attached to one of the 4 teats. Only the mammary gland supplying this teat develops and lactates; the other 3 glands remain small and inactive. Lactation continues for as long as 10 months and weaning is a very gradual process with the young continuing to suck even after it has left the pouch permanently. In some species, a second young is born while the first young is still sucking from the teat to which it was originally attached as a neonate. The new-born young attaches to one of the 3 remaining teats which again initiates lactation only in the gland supplying this teat (Sharman, 1970) . There are significant changes in milk composition during lactation in marsupials (Green, Newgrain & Merchant, 1980) and it is possible for two different kinds of milk to be produced by the same animal in adjacent mammary glands (Sharman, 1970; Griffiths, Mclntosh & Leckie, 1972) .
Another unusual feature of lactation in marsupials is that pregnancy does not appear to have any influence on the subsequent ability of the female to lactate. Experiments involving the transfer of neonatal pouch young of the same or different species have shown that, in contrast to eutherian mammals, female marsupials that have not undergone pregnancy before the suckling stimulus lactate as successfully as those that have experienced pregnancy. However, it would appear that the donor and recipient animals must be synchronized so that the recipient is at the stage of its oestrous cycle corresponding to the time at which it would give birth were it pregnant (Merchant & Sharman, 1966) . At this time, which varies from mid-cycle in the brush possum (Trichosurus vulpécula) to several days after oestrus in the swamp wallaby (Wallabia bicolor), the mammary glands are slightly enlarged and the teats are turgid (Sharman & Calaby, 1964 ). It appears therefore that the hormonal changes taking place during the oestrous cycle initiate sufficient mammary gland development to enable lactation to be induced by the sucking stimulus of the new-born young alone and that pregnancy has little or no effect on this development.
In this study, the unusual features of marsupial lactation have been further investigated by measuring changes in mammary gland weights and mammary prolactin receptor concentrations in a small macropodid marsupial, the tammar wallaby (Macropus eugenii). The mammary glands were examined at regular intervals during lactation, the oestrous cycle and pregnancy and the data were related to the morphology of the glands and to circulating hormone levels. In addition, the effects of excision of the corpus luteum were examined to assess the role of the corpus luteum in stimulating the mammogenesis that occurs during the oestrous cycle. Hinds, 1983 ).
Since the female tammar wallaby generally returns to oestrus 9-18 days after removal of the corpus luteum (Tyndale-Biscoe & Hawkins, 1977) it was possible to examine the effect of the preceding luteal phase on mammary development seen at oestrus in these animals. The corpus luteum was removed from 8 non-pregnant tammar wallabies under general anaesthesia with thiamylal sodium (Surital ; Parke Davis) and the mammary glands of the 3 that returned to oestrus were collected the day they returned to oestrus. Oestrus was detected by the presence of a mating plug (Tyndale-Biscoe & Rodger, 1978) .
Receptor measurements. The frozen mammary glands were thawed, homogenized in cold preparation buffer (25 mM-Tris-HCl, 0-3 M-sucrose, pH 7-4) using an Ultra-Turax tissue homogenizer (lanke & Kunkel KG) and filtered through 2 layers of butter muslin. The resulting suspension was centrifuged at 15 000 # for 30 min and the tissue pellet resuspended in assay buffer (25 mM-Tris-HCl, 10 mM-MgCl2,0-5% bovine serum albumin, pH 7-6) at a nominal concentration of 100 mg wet tissue/ml. The supernatant was further centrifuged at 100 000 # for 90 min and the resulting tissue pellet was resuspended in the same volume as the 15 000 g pellet. The degree of binding of ' 25I-labelled ovine prolactin (NIH-P-S12) to the 15 000 g and 100 000 g fractions was assessed using previously described methods (Stewart & Tyndale-Biscoe, 1982) and the results were added together for each sample. It was necessary to measure the binding to both fractions because, although the binding increased linearly with increasing amounts of tissue in each case, the relation¬ ship between the binding to each fraction was not always constant between samples. The methods employed here were based on those originally described by Sernia & Tyndale-Biscoe (1979) who identified and characterized the tammar wallaby prolactin receptor in a number of tissues, including the lactating mammary gland. Sernia & Tyndale-Biscoe (1979) , using the same ovine prolactin preparation as was used in the present study, demonstrated the specificity of the receptor for prolactin. They demonstrated that while ovine and bovine prolactin readily displaced labelled ovine prolactin from these receptors, ovine FSH, LH, GH and TSH did not. The association constant (Ka at 23°C) of the mammary prolactin receptor was 9 IO8 1/mol (Sernia & TyndaleBiscoe, 1979) . In the present study, measurements were carried out both before and after the removal of bound prolactin with 3 M-MgCl2 (see Stewart & Tyndale-Biscoe, 1982) and all results presented here are those determined after treatment with MgCl2.
The DNA content of the homogenates was measured using the colorimetrie assay of Burton (1956) and the results are expressed as the amount of prolactin bound^g DNA. In addition to measuring the DNA content of the fractionated homogenates, the total DNA content of mammary gland tissue was assessed in small samples taken at various stages during lactation. These samples were homogenized as for the receptor binding assay, but were not filtered through butter muslin before the DNA assay.
Results
Mammary gland development and changes in prolactin binding during lactation Only the gland supplying the teat to which the pouch young was attached increased in size and produced milk during lactation (Text- fig. la ). At parturition (Day 0) all 4 glands were similar in size and weighed about 1 g (range 0-7-0-9 g). One week later the suckled gland was noticeably heavier (1-3 g; range 0-8-2-0 g) than at parturition while the unsuckled glands had regressed to a totally inactive state (0-2 g). The unsuckled glands remained at about 0-2 g throughout the very long lactating period while the suckled gland increased to about 36 g (range [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] (Green, et al., 1980) . However, there was considerable variation in weights after about Week 30 of lactation, which was probably due to several factors, including differences in the stage at which the individual pouch young were weaned and differences in the amount of milk stored in the gland at the time of death. Another useful way to examine the changes in mammary gland weights was to average the values from the various stages of lactation. For example, the mean + s.e.m. values for early (0-8 weeks) , mid-(9-25 weeks) and late (26-34 weeks) lactation and weaning (40-48 weeks) were 1 -3 ± 0· 1 g. (n = 12), 4-0 ± 0-8 g ( = 8), 27-7 + 3-0 g ( = 9) and 19-6 ± 1-8 g ( = 6) respectively.
The results for the degree of prolactin binding^g DNA in the suckled and non-suckled glands throughout lactation (Text-fig. lb) give a measure of prolactin receptor numbers per cell. By 3 days after parturition there was no significant difference between the suckled and unsuckled glands. However, by 7 days the binding of prolactin to the suckled gland had almost doubled whereas it had halved in the unsuckled glands. By 3 weeks, the binding in the unsuckled glands had declined to the levels typical of totally inactive glands (around 0-3 10"16 mol prolactin^g DNA) while the amount of binding in the suckled glands had increased even more. Thereafter the binding to the suckled gland increased gradually up to around 6-8 10" 16 mol prolactin^g DNA by Week 12 of lactation and remained at this level until the end of the sampling period (Week 48 O'Donoghue (1912) and Sharman (1962) . The prolactin binding values for these glands also showed no discernible effect of pregnancy, with the binding increasing gradually in both groups of animals to reach a peak of 2-4 IO"16 mol prolactin^g DNA (w = 2) at parturition and 1-85 ± 0-21 IO"16 mol prolactin^g DNA ( = 5) at oestrus. (Smith, Brown & Frith, 1969 ; Sharman, 1970) . The present study has indicated that the increase in size of the lactating mammary gland was due to an increase in both the number of cells in the gland and also in the quantity of accumulated secretions. The change in prolactin receptor concentration per cell did not follow the same course as mammary gland weight and although receptor concentrations increased rapidly during the first 12 weeks of lactation, they remained essentially constant during the remainder of the sampling period (48 weeks). However, since the number of cells per lactating gland appeared to increase up to a maximum at 30-34 weeks, the total number of receptors per lactating gland also reached a peak at this time.
While these dramatic changes were taking place in the lactating mammary gland, the nonlactating glands in the same animal remained small and totally inactive. This has been reported in a number of marsupials (Sharman, 1962 ; Smith et al., 1969 ; Findlay, 1982) but has been examined in greater detail here by accurately weighing carefully dissected glands and by determining the prolactin receptor concentration in the mammary tissues from these glands. Both the weight and prolactin receptor concentration declined in the non-suckled glands after parturition and neither was influenced by the initiation of lactation in the fourth gland. This is a striking illustration of the importance of the local effects of the suckling stimulus and of milk withdrawal on the initiation and maintenance of lactation.
Prolactin levels fluctuate in the tammar wallaby, being low during the early stages of lactation and high towards the end of this period (Hinds & Tyndale-Biscoe, 1982) . This could, in part, be due to an increase in strength of the suckling stimulus as the pouch young increases in size. However, prolactin secretion also seems to be influenced by season (Tyndale-Biscoe & Hinds, 1983) and it is possible that part of the increased prolactin levels late in lactation may be due to seasonal effects. Prolactin is necessary for successful lactation in the tammar (Hearn, 1974; Hinds & TyndaleBiscoe, 1982) , although the exact relationship between changes in plasma prolactin concentration and lactation remains unclear. Certainly the high levels of prolactin in late lactation have no stimulatory effect on the non-lactating glands, which is presumably due, in part, to these glands lacking prolactin receptors at this stage. The initial increase in receptor numbers in the suckled gland may be stimulated simply by the withdrawal of the accumulated secretions from the glands by the pouch young. Further withdrawal would then stimulate more secretory activity as well as cell growth and division and thus a further increase in receptor numbers. The increase in total prolactin receptor numbers would be expected to increase the sensitivity of the active mammary tissue to circulating prolactin.
This study has confirmed earlier work which indicated that marsupial mammary glands under¬ go a slight enlargement during the luteal phase of the oestrous cycle. This involved hypertrophy and hyperplasia and was associated with a significant increase in prolactin receptor numbers. Removal of the corpus luteum abolished the mammogenesis and prolactin receptor synthesis, even though the animals returned to oestrus. This suggests that luteal secretions, possibly progesterone, may be responsible for these changes.
The observation that pregnancy had no discernible effect on the degree of mammogenesis normally seen during the oestrous cycle confirmed that pregnancy is not a necessary prerequisite for successful lactation in this marsupial. This was in spite of the large peak in serum prolactin concentration that occurs just before parturition in the tammar (Hinds & Tyndale-Biscoe, 1982) and which, in eutherians, appears to be necessary for mammary gland development and initiation of lactation (Kann & Denamur, 1974; Karg & Schams, 1974) .
